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I appreciate the opportunity to
join in this symposium and be here
in Richmond. You are learning today that small bowel function can
now be studied in many different
ways, but during this presentation
I would ask you to restrict your attention to events occurring right at
the absorptive surface of the intestinal cell. There are valid reasons
for taking such a narrow view. To
be absorbed by the small bowel,
any nutrient must traverse the
membranous structure which lines
the absorptive surface of the intestinal epithelial cells, and, thus,
all absorptive mechanisms depend
upon the characteristics of this surface membrane. You have seen how
the intestinal mucosa is thrown into
fingerlike projections called villi,
and Dr. Sessions showed some elegant movies of the movement of
these villi. You should recognize
that the surface of the individual
cells lining these villi is further increased by tiny projections known
as microvilli. The microvilli consist
of a trilaminar unit membrane and
a central core of proteinaceous filaments which extend into the cytoplasm and unite to form a terminal
web. Lying on the outer surface of
the membrane is a mucopolysaccharide surface coat or fuzz. Ito
(1965) has shown that this surface
coat is not extraneous mucous but
represents an integral part of the
absorptive cell.
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The brush border area of the cell
consists of microvilli, terminal web,
and a small portion of apical cytoplasm. When intestinal cells are
ruptured according to the method
of Miller and Crane (1961), this
portion of the cell can be isolated
by repeated centrifugation. Brush
borders can then be further disrupted to yield a relatively pure
preparation of microvillous membranes separated out by density
gradient centrifugation (Eichholz
and Crane, 1965). Since it is now
possible to examine brush borders
and microvillous membranes separately from the rest of the intestinal cell, it is safe to predict that
you will be bearing more and more
about the composition and function
of these surface structures. In fact,
considerable information is already
available concerning this "absorpti ve-d igesti ve" surface .. Alkaline
phosphatase activity has been localized to the brush border area by
many workers and to the microvillous membrane by Eichholz (1967).
Ito ( 1965) has shown alkaline
phosphatase activity in the fuzzy
surface coat by histochemical techniques adapted for the electron
microscope. Adenosine triphosphatase activity is also present in brush
borders. Various disaccharidases
which digest sucrose, maltose, and
lactose to yield their constituent
monosaccharides are located at the
surface of the intestinal cell. Miller
and Crane (1961) demonstrated
them in brush border preparations,
Eichholz ( 1967) subsequently
showed these sugar-splitting enzymes to be more precisely located
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in microvillous membranes, and
Johnson ( 1966) has more recently
suggested their location at the
fuzzy surface coat. Leucine aminopeptidase and cholesterol este;: hydrolase are found in the brush
border of absorptive cells. In terms
of function, McDougal and others
in Crane's laboratory (1960)
showed that isolated brush borders
actively transport glucose against
the concentration gradient. We have
recently demonstrated an intrinsic
factor-mediated attachment of Vitamin B12 to intestinal brush borders
and microvillous membranes (Donaldson, MacKenzie, and Trier,
1967; MacKenzie et al., 1967) .
The work will be described in some
detail as an illustration of the
kinds of information to be obtained from an examination of
these surface structures.
Precisely how intrinsic factor
(IF) promotes Vitamin B12 absorption is not known, but it is
now clear in all species studied that
intrinsic factor, to be effective, must
first bind the vitamin in a macromolecular complex. Furthermore,
IF-dependent B1 2 absorption occurs
predominantly from distal rather
than proximal portions of the intestine. In man, for example, it is
generally accepted that the terminal
ileum is the major site for B12 absorption. These observations suggest that a specific binding site or
receptor for the IF-vitamin B1 2
complex may be present on the
surface of ileal absorptive cells. To
investigate this problem, we incubated radioactive Vitamin B12 with
brush borders and microvillous
membranes isolated from either the
proximal or distal half of hamster
small bowel.
Each of these preparations was
isolated from either the proximal
or distal half of hamster intestine.
Hamster gastric juice served as the
source of intrinsic factor. When
these preparations were obtained
from the proximal half of hamster
intestine, IF regularly depressed
rather than enhanced B12 uptake.
On the other hand, IF regularly

enhanced uptake when these preparations were taken from the distal
half of the intestine. Specific uptake in terms of picograms B12
per milligram of tissue nitrogen is
much greater for microvillous membranes than for brush borders or
mucosa! homogenates. These observations directly demonstrate intrinsic factor acting at the absorptive surface of distal but not
proximal intestine. The IF-mediated attachment to membrane occurs rapidly, is not increased with
prolonged incubation, is not affected by temperature changes from
7° to 37 ° C., and does not require
glucose or oxygen. These findings
are consistent with a physical adsorption of the IF-B 12 complex onto
the membrane rather than with any
energy-requiring enzymatic process.
This physical attachment is very
specific, however, since only hamster and rat intrinsic factor stimulate B1 2 uptake by hamster brush
borders. Intrinsic factor from hog,
dog, rabbit, guinea pig, and man
are all ineffective. Vitamin B12
binders present in serum, saliva, or
tissue extract which do not contain
intrinsic factor activity fail to promote attachment. Uptake is maximal only when all of the B1 2 in
the incubating medium is bound
in a macromolecular complex with
hamster intrinsic factor. Thus, the
binding site on the hamster intestinal membrane shows considerable
specificity for this IF-B 12 complex.
It seemed to us that if a specific
receptor to the IF-B 12 complex did
indeed reside on the very surface of
the intestinal cell, then it might be
possible to make an antibody to
such a receptor. Thus, we injected
into rabbits pure preparations of
microvillous membranes obtained
from either the proximal or distal
half of hamster intestine (Mackenzie et al., 1967). When brush
borders were incuhated with normal
rabbit serum, IF-mediated attachment of B12 proceeded normally.
However, when these brush borders
were first incubated with antisera to
distal microvillous membranes, the

effect of intrinsic factor was completely and regularly blocked. On
the other hand, serum from rabbits
injected with proximal microvillous membranes was not inhibitory.
Thus, distal, but not proximal microvillous membranes, contained
something which induced in rabbits a serum inhibitor to the attachment of the IF-B 12 complex to the
surface of hamster intestine.
Antisera to distal microvillous
membranes capable of inhibiting
IF-mediated uptake contain no antibodies against intrinsic factor itself or against the IF-B12 complex
as determined by three different
methods. Furthermore, the inhibitory factor could be absorbed from
antisera by distal brush borders but
not proximal brush borders or by
intrinsic factor. These findings are
consistent with the. idea that distal
microvillous membranes induced an
antibody directed against the intestinal receptor for the IF-B 1 2
complex.
To determine the nature of the
observed inhibition, we incubated
increasing quantities of IF-B 12 with
brush borders in the presence of
either normal rabbit serum or antiserum to distal microvillous membranes. The results showed that the
inhibitory factor could be overcome
by an excess of IF-B 12 and suggested that inhibition is competitive.
Presumably the inhibitory factor
competes with IF-B 12 complex for
a common binding site or receptor
on the microvillous membrane.
Several lines of evidence suggest
that this inhibitory factor is an
antibody. First, it was produced in
serum by injecting a foreign substance into rabbits. In addition,
chromatography identified the inhibitory factor as an immunoglobuIin. When rabbit antiserum was
eluted from a Sephadex G-200 column, the usual three protein peaks
were obtained. When these. peak
fractions were tested for inhibitory
activity, only the second 7S globulin
peak produced significant inhibition.
Chromatography on diethylaminoethyl-cellulose and immunoelectro19
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phoresis confirmed that immunoglobulin G contained the inhibitory
factor. I have indicated thus far
that distal, but not proximal microvil1ous membranes induce an antibody against the intestinal binding
site for the IF-B12 complex and
that this inhibiting antibody can be
absorbed by distal, but not proximal brush borders.
We wondered whether proximal
and distal microvillous membranes
could induce the formation of other
antibodies and, if so, whether crossreactions between proximal and
distal would occur. Double diffusion in agarose gel shows distinct
precipitin lines when antibodies to
proximal and distal microvillous
membranes are tested against brush
border extracts from the distal and
proximal halves of the intestine.
Under these conditions, cross-reactions between proximal and distal
tissues occur. Thus, both proximal
and distal microvillous membranes
contain similar antigens, but only
distal microvillous membranes
contain an antigen capable of producing the inhibitory factor. In order to locate the site of antibody
attachment to the intestinal cell,
we stained hamster intestine either
with fluorescein-labelled normal
rabbit serum or with fluorescent
antiserum to microvillous membranes. Fluorescent antiserum was
clearly localized only in the brush
border area of the intestinal cell.
More precise localization of the
site of the antigen-antibody reaction was attempted. Immunoglobulin G from control rabbits and from
rabbits injected with microvillous
membranes was conjugated with
ferritin, and the ferritin-labelled
antibodies were incubated with
hamster intestine. The location of
ferritin particles was then identified
with the electron microscope by
Dr. Jerry Trier.
Numerous dense ferritin particles were localized to the fuzzy
mucopolysaccharide surface coat
of the microvilli but not to the unit
membrane itself. This localiza_tion
is not surprising when one consid20

ers the fact that, in general, mucopolysaccharides are potent antigens. This observation raises the
possibility but does not provide evidence that the inhibitory factor in
rabbit antisera may also localize to
the fuzzy surface coat. At present
we are investigating this possibility,
since, using immunologic techniques, we should now be able to
distinguish whether the intestinal
receptor for IF-B12 is situated on the
mucopolysaccharide surface coat.
I have tried to indicate that it is
now possible to separate out events
occurring at the surface of intestinal absorptive cells. Previous work
has shown that intestinal brush
borders contain diverse enzymatic
activity and that the surface of the
intestinal cell is a site for active
glucose accumulation. Futhermore,
brush border and microvillous
membrane preparations now provide direct evidence that intrinsic
factor acts at the intestinal cell surface. These studies directly support
the concept that a specific receptor
for the IF-B 12 complex is located
on the surface of ilea!, but not jejuna! absorptive cells. Studies with
antibodies against pure preparations of microvillous membranes
verify the existence of this receptor
and provide ari approach to its
further localization and characterization.
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